In this work Eucalyptus grandis and Dipteryx odorata were submitted to photodegradation by ultraviolet radiation. The effect of ultraviolet radiation irradiation on the color change and chemical composition of each wood flour were evaluated. The samples were submitted to a total of 500h of artificial weathering using condensation stages and ultraviolet radiation B irradiation cycles. The changes in wood flour color were monitored by spectrocolorimetry, while the changes in wood chemical composition were evaluated by Fourier transform infrared spectroscopy. Both species showed changes in color with increased exposure time to artificial weathering. For both wood species the variation in color change was considered very appreciable after 500h. The Eucalyptus grandis specie showed appreciable color change after 120h, while for Dipteryx odorata specie the color change is appreciable only after 240h. The Fourier transform infrared spectroscopy results showed that lignin was strongly degrades by ultraviolet radiation radiation in both species. However, Dipteryx odorata was more resistant to photodegradation than Eucalyptus grandis, probably due to lower lignin content in this wood. The results clearly indicated that for the wood species studied the rate of weathering is influenced by wood species.
INTRODUCTION
Wood is commonly used in different applications such as building sector, furniture, composites and others industries for the production of structural and non-structural products (Cademartori et al. 2015 , Yeniocak et al. 2015 . However, when wood is exposed to outdoor applications, a complex combination of chemical and physical factors contributes to what is described as weathering (Pandey 2005 , Chang et al. 2010 , or in other words, the action of climatic agents on wood structure.
The weathering process is generally initiated by sunlight (UV irradiation) and its rate is enhanced by temperature, moisture, environmental pollutants and oxidative agents such as oxygen and/or ozone which are present in the outdoor environmental (Pandey 2005 , Lesar et al. 2011 . The rate of wood degradation in outdoor applications might also be affected by wood composition, as the presence of extractives and lignin, and wood specie (Cui et al. 2004 , Pandey 2005 , Lesar et al. 2011 .
The interaction of photon energy from UV light with polymeric compounds distributed at the wood surfaces involves complex physical and chemical reactions (Pandey 2005) . The degradation process initiates with the formation of free radicals by a combined action of UV irradiation and environmental conditions that attacks compounds in the extractives and depolymerise lignin and cellulose in the wood cell wall (Pandey 2005 , Lesar et al. 2011 . Wood contains several chromophoric functional groups associated with an aromatic skeleton, which makes wood susceptible to absorb light (Lesar et al. 2011) . All wood chemical constituents can be affected by UV irradiation, however lignin is the most sensitive (Pandey 2005 , Lesar et al. 2011 . Among different wood components, lignin absorbs between 80% and 95% of the total UV irradiation due to its various reactive groups, such as hydroxyl groups, carboxyl groups, aromatic and phenolic groups and carbonyl groups (Lesar et al. 2011) .
Weathering causes several changes in wood properties such as discoloration, loss of lightness, cracking, checking, roughening surface, among others (Cui et al. 2004 , Cademartori et al. 2015 . As a result, weathering reduces service life of wood and also increases maintenance cost (Lesar et al. 2011 ).
Several researchers have been investigated the weathering of wood using specimens from radial, longitudinal or tangential wood sections, wood plates, wood strips, among others (Hill et al. 2001 , Pandey 2005 , Chang et al. 2010 , Cademartori et al. 2015 . However, the literature lacks studies on the weathering of wood flour wastes, that after be generated by the lumber industries are normally stored in outdoor environments before use in other applications, such as reinforcement in composite materials. So, in this work, the artificial weathering of waste wood flour from Eucalyptus grandis and Dipteryx odorata was investigated using spectrocolorimetry and Fourier transform infrared spectroscopy (FTIR).
MATERIALS AND METHODS

Materials
The wood flour samples used in this study were obtained from wastes of the lumber industry in Brazil. The species investigated were Eucalyptus grandis (EUG) and Dipteryx odorata (DIP), and Table 1 presents the chemical composition of the wood species studied that were obtained in a previous study (Poletto et al. 2012) . Wood samples used in the artificial weathering having particle size between 2,4 mm and 0,7 mm. (EUG) 62,7 ± 1,4 32,1 ± 1,0 4,1 ± 0,2 1,1 ± 0,3 Dipteryx odorata (DIP) 57,1 ± 0,6 30,4 ± 0,4 11,1 ± 0,1 1,5 ± 0,2
Artificial weathering
Artificial weathering experiment was performed in a C-UV weathering device (Comexim Ltda, Brazil) equipped with eight UVB-313 lamps according to ASTM G154-06. Specimens were exposure to cycles of 4h UV-light irradiation at 60°C followed by condensation for 4h at 50°C. The average irradiation was 0,71 W/m 2 at maximum intensity of 310 nm wavelengths. The wood samples were characterized at 120, 240 and 500 h after exposed to artificial weathering.
Color test
The color parameters a * , b * , and L * were determined by the CIELAB method. The L * represents the lightness, whereas a * and b * are the chromaticity coordinates. The + a * and -a * parameters represent red and green, respectively. The + b * and -b * parameters represent yellow and blue, respectively. L * can vary from 100 (white) to 0 (black) (Baysal et al. 2014) . The color of the samples
Comparative study of wood flour..: Poletto was measured by a color meter (CM-2500d Konica Minolta spectrophotometer) before and after artificial weathering. The color change (∆E * ) was determined for each wood specie as follows:
where ∆a * , ∆b * , and ∆L * are the changes between the initial and final interval values.
Fourier Transform Infrared (FTIR) Spectroscopy
FTIR spectra were obtained by means of a Nicolet IS10-Thermo Scientific spectrometer. Wood powder sample of each specie (5 mg) was dispersed in a matrix of KBr (100 mg), followed by compression to form pellets. The sample collection was obtained using 32 scans, in the range of 4000 cm -1 to 400 cm -1 , at a resolution of 4 cm -1 .
RESULTS AND DISCUSSIONS
Color change
The values of ∆L * , ∆a * , ∆b * parameters of wood species studied after 120, 240 and 500h of artificial weathering are presented in Table 2 . The decrease in ∆L * values for both wood species studied indicates that the specimens become darker after artificial weathering. However, this darkening was more pronounced in EUG than in DIP. The accentuated darkening in EUG is probably associated with the photodegradation of lignin and other non-cellulosic polysaccharides (Baysal et al. 2014 ) since EUG as a higher quantity of lignin than DIP, as can be seen in Table 1 . The positive values of ∆a * after 120h of irradiation indicate a tendency of both wood surfaces to become reddish. But when the exposure time increases the values of ∆a * becomes negative, which is associated with a tendency of both wood surfaces to become greenish. The color change process is mainly associated with the formation of chromophoric groups as carbonyl and carboxyl groups resulting from degradation of lignin (Yeniocak et al. 2015) .
As can be seen in Table 2 , EUG is more susceptible to become greenish than DIP. The extractive content in DIP is three times higher than in EUG, as presented in Table 1 . It is possible that the higher quantity of extractives associated with lower quantities of lignin in DIP may protect wood from UV photodegradation. The photodegradation process in DIP may initiate in the extractives and as result the lignin photodegradation might occurs more slowly, reducing the rate of photodegradation. Chang et al. 2010 also observed that the rate of wood photodegradation was lessened by the presence of extractives in Cryptomeria japonica and Acacia confusa species. The negative values of ∆b * indicate a tendency of both wood surfaces to become bluish when exposed to higher artificial weathering times. Once again the rate of photodegradation is higher in EUG than in DIP, which corroborates that extractives in DIP may act as a barrier retarding the lignin degradation in this wood specie.
The color change (∆E * ) considered not only the variations of color parameters, but also the differences in lightness, providing better interpretation of the photodegradation. Hikita et al. (2001) used the value of color change to define the levels of perceived difference in color, as presented in Table 3 . The color change for wood species studied is shown in Figure 1 . The color variation was sharper in the first evaluation times, mainly after 240h. After 500h of UV irradiation, the changes in color for both wood species, ∆E * =15,75 and ∆E * =7,61 for EUG and DIP, respectively, can be classified as very appreciable. The EUG wood is more susceptible to color changes, while DIP is more resistant. As discussed before, the higher quantity of extractives in DIP may retard the photodegradation of lignin in this wood, which contribute to reduce the rate of photodegradation. Similar behaviour was observed by Barreto and Pastore (2009) for Mezilaurus itauba, a tropical wood that contained approximately 7% of extractives. Chang et al. 2010 also observed that extractives absorbed light and scavenged free radicals, consequently retarding lignin oxidation during wood photodegradation. On the other hand, EUG was higher quantity of lignin associated with lower quantities of extractives, which
Comparative study of wood flour..: Poletto can cause a faster photodegradation process involving the degradation of α-carbonyl, biphenyl and ring-conjugated double bonds structures in lignin (Yeniocak et al. 2015) .
FTIR results
The color change is a sensitive indicator of photodegradation of wood but it does not provide information about the chemical changes occurring in the wood structure (Tolvaj et al. 2011) . So, the FTIR spectroscopy can be used to provide information about the changes in wood chemical structure after artificial weathering. FTIR spectra of EUG and DIP after 120 h and 500 h of artificial weathering are shown in Figure 2 . Figure 2 . FTIR spectra of both wood species exposed to artificial weathering (a) after 120 h and (b) 500 h.
The FTIR spectrum from EUG and DIP after artificial weathering shows the same basic structure observed before exposure to UV-light irradiation. Because of their complexity, the spectra were evaluated into two regions, namely: the OH and CH stretching vibrations in the 3800-2700 cm -1 region and the fingerprint region which is assigned to stretching vibrations of different groups of wood components at 1800-800 cm -1 . A strong broad band assigned to O-H stretching at 3000-3600 cm -1 and a band at 2800-3000 cm -1 related to asymmetric and symmetric methyl and methylene stretching groups present in the spectra of all of the wood components but most notably in the spectra for cellulose can be seen in the OH and CH stretching region.
In the fingerprint region the band at 1730 cm -1 is assigned to non-conjugated carbonyl group in hemicellulose and the band at 1510 cm -1 have their origin in the aromatic ring of lignin. The bands at 1375, 1160 and 898 cm -1 are mainly due to carbohydrates, while the band at 1462 and 1422 cm -1 also have significant contribution from lignin (Pandey and Vuorinen 2008, Poletto et al. 2012) .
The intensity of absorption band at around 1510, 1462 and 1422 cm -1 decreased after artificial weathering. This is also accompanied by a successive increase in the intensity of the band at 1730 cm -1 . Most significant changes can be seen in the intensity of aromatic lignin C=C band at 1510 cm -1 . The reduction in the intensity of C=C at 1510 cm -1 band for EUG, even at 120h, indicates the fast degradation of lignin in this wood. This is accompanied by the increased of the carbonyl band at 1730 cm -1 , which indicates the photo-oxidation of both wood surfaces (Pandey 2005, Mitsui and Tsuchikawa 2005) . The intensities of peaks associated with carbohydrates at 1375, 1160 and 898 cm -1 are not significantly affected by irradiation, even at 500h.
In order to evaluated the rate of lignin decay and carbonyl formation with the artificial weathering, the intensities of the carbonyl band at 1730 cm -1 , lignin reference band at 1510 cm -1 and a carbohydrate reference band at 898 cm -1 were measured according to a previous work (Poletto et al. 2012) . The relative changes in the lignin carbohydrate ratio and carbonyl carbohydrate ratio at different exposure times were calculated from the ratio of the band area of the peaks at 1510 cm -1 and 1730 cm -1 , respectively, in relation to band area of the peak at 898 cm -1 . The relative changes in the lignin/carbohydrate ratio (A 1510 /A 898 ) and carbonyl carbohydrate ratio (A 1730 /A 898 ) at different exposure times are shown in Figure  3 and Figure 4 , for EUG and DIP, respectively.
The lignin/carbohydrate ratio decreases for both wood species studied with the increasing in irradiation time. The decay in lignin is more pronounced for EUG, which corroborates the results from color change. After 500h exposed to artificial weathering the lignin decay in EUG continues to decline, as can be seen in Figure 3 , while for DIP, there is a tendency to stabilize the lignin decay, as presented in Figure 4 . On the other hand, the carbonyl carbohydrate ratio increases for both wood species studied with the increasing in irradiation time. This behavior is observed due the liberation of C=O groups due to photodegradation of lignin and some compounds from extractives. The FTIR results are in agreement with the color change results and also indicate that DIP is more resistant to photodegradation than EUG. 
CONCLUSIONS
The wood species studied showed discoloration and formation of carbonyl groups caused by UV photodegradation. After 500 h exposed to artificial weathering the photodegradation for both species can be classified as very appreciable. The EUG specie presents the greater photodegradation, while DIP was less susceptible. This behavior may be associated with the higher rate of lignin photodegradation in EUG than in DIP. The results also indicated that lignin can promote a higher rate of wood photodegradation and the generation of carbonyl groups was very high even for shorter periods of exposure. In addition, the chemical composition of wood directly influences on the photodegradation process. Finally, the results suggest that the DIP has a higher resistance to artificial weathering than EUG, and is most suitable for outdoor applications.
